Two experiments involving comparative slaughter procedures were conducted to see if the decrease in total energy retention (ER) resulted from the decreased food intake in growing chicks fed on a diet containing isoleucine less than its requirement.
Introduction
Deficiencies of some single essential amino acids decrease food intake, body weight gain, and total energy retention (ER). TASAKI et al. (1972) and YANAKA and TASAKI (1980) showed the efficiency of apparent metabolizable energy (AME) utilization to be a main factor affecting ER in growing chicks fed on a diet deficient in lysine or sulfur -containing amino acids (SAA) . We have demonstrated, by tube-feeding diets containing two concentrations of some amino acids at two rates of food intake, that the decreased ER in chicks fed on a diet deficient in arginine, lysine, SAA, tryptophan or threonine was associated with decreased food intake (SUGAHARA et al., 1985; SUGAHARA and KUBO,1992a, b,; KUBO and SUGAHARA, 1995) . Dietary requirement of isoleucine for growing broilers has been reported by FARRAN and THOMAS (1990) and BARBOUR and LATSHAW (1992) based on weight gain and feed conversion. VELU et al. (1972) KUBO 1992a, b; KUBO and SUGAHARA, 1995) . In Experiment 2 the level of 3.0g isoleucine/kg was used to examine the effects of the dietary isoleucine level and food intake on the energy utilization.
The results of tube-feeding the diet containing 3.0 or 6.0g isoleucine/kg are summarized in Table 2 . Chicks tube-fed on the low-isoleucine diet (3.0g isoleucine/ kg) at the high level of intake were forced to be given about three times the diets which they could eat under ad libitum feeding. The degree to which food intake was decreased by ad libitum feeding the isoleucine-deficient diet was greater compared to that resulted from single deficiencies of other essential amino acids studied by the authors (SUGAHARA et al., 1985; SUGAHARA and KUBO 1992a, b) . No birds regurgitated, probably because they had been trained to be tube-fed for the last three days before the experiment started.
There was a significant (P<0.01) interaction between the effects of food intake and isoleucine on body weight gain. The effect of isoleucine concentration on the body weight gain was greater at the high food intake. Body weight gain in chicks receiving the low-isoleucine diet was much larger at the high level of intake than at the low intake, but still significantly (P<0.05) smaller than the control counterparts. These findings indicate that food intake accounted for a part of the decreased body weight gain resulting from the isoleucine deficiency. This is in agreement with our previous studies on other essential amino acids (SUGAHARA et al., 1985; SUGAHARA and KUBO,1992 a, b; KUBO and SUGAHARA, 1995) and the study by KINO and OKUMURA (1986) . Feed efficiency was significantly (P<0.01) lower in chicks on the low-isoleucine diet than in the control chicks at each level of food intake. Feed efficiency was greater at the high food intake level than at the low level.
A significant (P<0.01) interaction between food intake and isoleucine effects occurred in the AME/GE ratio.
The ratio of AME/GE of the control diet was not affected by the level of food intake. When chicks were tube-fed the isoleucinedeficient diet at the high intake level, AME/GE ratio was reduced. This interaction has been observed in deficiencies of lysine (SUGAHARA and KUBO, 1992a) and tryptophan (SUGAHARA and KUBO, 1992b) but not of arginine (SUGAHARA et al., 1985) , SAA (SUGAHARA and KUBO, 1992a) , and threonine (KUBO and SUGAHARA, 1995) . The excessive intake of diets deficient in some amino acids may have some ill effects, because AME/GE ratio was not affected when the diet was given ad libitum or at the lower level by tubefeeding.
The effect of the levels of food intake and dietary isoleucine on AME intake was similar to that on AME/GE ratio.
Significant (P<0.05) main effects of isoleucine and food on ERP were observed.
Irrespective
of the dietary isoleucine level, ERP was higher at the high intake level than at the low level. Chicks tube-fed on the low-isoleucine diet showed lower ERP than those on the high-isoleucine diet at each intake level. Although no significant interaction between isoleucine and food intake occurred in ERP in the present experiments, this interaction has been obseved with single deficiencies of arginine, lysine, SAA (SUGAHARA et al., 1985; SUGAHARA and KUBO, 1992a) and threonine (KUBO and SUGAHARA, 1995) but not with tryptophan (SUGAHARA and KUBO,1992b) . Whether or not this interaction was observed probably depends on amino acids tested.
Eenergy retained as fat was significantly (P<0.01) greater at the high level of intake than at the low. The isoleucine-deficient chick had more ERF, though the difference was not significant (P>0.05). The increased ERF by forced-feeding the diets deficient in some essential amino acids has been reported (SUGAHARA et al., 1985; KINO and OKUMURA, 1986; SIBBALD and WOLYNETZ, 1986; SUGAHARA and KUBO, 1992a) .
Carcass fat concentration was significantly (P<0.05) larger in the deficient chicks than in the control chicks (data are not shown in table) . This result is in agreement with the result of VELU et al. (1972) .
Energy retention was significantly (P<0.01) larger at the high intake than at the low intake, regardless of isoleucine deficiency, and depended on food intake. The present results are in agreement with those of OKUMURA and MORI (1985) .
A significant (P=0.037) interaction between isoleucine and food intake effects occurred on the ratio of ER/AME intake.
The degree to which the ratio of ER/AME intake increased with an increment in food intake was greater with the low isoleucine level than with the control level. When chicks were fed on the diets at the high intake level, the isoleucine-deficient group had greater ratio of ER/AME intake than the control group. There was no significant (P>0.05) difference in the ratio of ER/AME intake between the control and isoleucine-deficient chicks when they were given the diets at the low food intake level. This ratio, nevertheless, was significantly (P<0.05) greater at the high intake level than in the low intake at both the two dietary isoleucine levels.
These results suggest that ER was in proportion to AME intake irrespective of the dietary isoleucine level.
Neither dietary isoleucine level nor food intake affected heat increment of feeding.
A significant (P=0.048) interaction between isoleucine and food intake effects was observed on heat increnment. Heat increment in the control group was larger at the high intake level than at the low intake, but heat increment in the isoleucine-deficient group was not different between the two levels of food intake. It is well known that heat increment increases with an increment in food intake. The reason why no significant (P>0.05) difference in heat increment by the isoleucine-deficient group was observed between the two food intake levels is not known. Because the P value obtained was close to 0.05, and because single deficiencies of arginine, lysine, SAA, tryptophan, or threonine did not affect heat increment (SUGAHARA et al., 1985; SUGAHARA and KUBO, 1992a, b,; KUBO and SUGAHARA, 1995) , it is likely that isoleucine deficiency may not affect heat increment. The absence of an effect of isoleucine deficiency on heat increment indicates that the partial efficiency of AME utilization would be similar in the control and deficient chicks.
The results of the present experiments indicated that the effect of isoleucine deficiency on the energy retention was associated mainly with food intake and confirm the findings of OKUMURA and MORI (1985) . The decreased energy retention by the isoleucine-deficient chicks could not be explained by the heat increment by feeding in the present experiments.
The conclusion derived from the present experiments is quite similar to that of our previous reports on single deficiencies of other essential amino acids (SUGAHARA et al., 1985; SUGAHARA and KUBO,1992a, b; KUBO and SUGAHARA, 1995) .
